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METHOD AND COMPOSITION FOR ASSAYING MONOSACCHARIDES 

FIELD OF THE DISCLOSURE 

The present disclosure generally relates to a method and composition for assaying 
monosaccharides: The present disclosure particularly relates to a method and composition for 
assaying monosaccharides associated with a glycoprotein utilizing capillary electrophoresis and 
laser induced fluorescence. 

BACKGROUND OF THE DISCLOSURE 

'When polysaccharides are released from glycoproteins and then separated into 
their constituent monosaccharides for subsequent analysis of the monosaccharides by capillary 
electrophoresis with laser-induced fluorescence detector (CD/LIF), the resulting 
electropherogram may show by-product peaks. These peaks are a' problem especially when they 
appear near the locations where peaks for the monosaccharides are expected. Accordingly, it is 
desirable to provide an approach which enhances an investigators ability- to analyze 
monosaccharides with, for example, capillary electrophoresis with laser-induced fluorescence 
detector (CD/LEF). 

SUMMARY OF THE DISCLOSURE 

A method, composition, and reducing reagent for assaying monosaccharides, for 
example, monosaccharides associated with a glycoprotein, in accordance with the present 
disclosure comprises one or more of the following features or combinations thereof: 

The composition for assaying monosaccharides may be utilized with capillary . 
electrophoresis and laser induced fluorescence. In particular, the composition for assaying 
monosaccharides may be utilized to determine the presence and, optionally, the relative 
concentration of monosaccharides associated with a glycoprotein. 

The composition can include a glycoprotein. The composition may also include 
monosaccharides released from the glycoprotein. The monosaccharides released from the 
glycoprotein can be associated or derivatized with a fluorophor. For example, one fluorophor the 
monosaccharides can be associated with is 8-aminopyrene-l,3,6-trisulfonic acid (APTS). The 8- 
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aminopyrene-1 ,3,6-trisulfonic acid can be prepared in citric acid. The composition can also 
include a reducing agent in an organic solvent. For example, the organic solvent can include 
dimethyl sulfoxide (DMSO) and the reducing agent can include sodium cyanoborohydride. 

The method for assaying monosaccharides can be utilized to analyze, for 
example, monosaccharides associated with a glycoprotein. In particular, the method may be 
utilized to identify monosaccharides associated with a glycoprotein. The method may also be 
utilized to determine the relative concentrations of the monosaccharides associated with the 
glycoprotein. _ 

The method may include incubating the glycoprotein in a TFA solution to 
produce a first incubation product. For example, the glycoprotein can be incubated in a 
relatively weak solution of TFA at an elevated temperature to produce the first incubation 
product. In particular, the relatively weak TFA solution can be about 0. 1 M TFA. The method 
can also include incubating the first incubation product with N-acetylneuraminic aldolase to 
produce a second incubation product. For example, the first incubation product can be incubated 
with E. Coli N-acetylneuraminic aldolase at about room temperature in a phosphate buffer at a 
pH of about 7.5 to produce the second incubation product. The second incubation product can be 
incubated in a TFA solution to produce a third incubation product. For example, the second 
incubation product can be incubated with a relatively strong TFA solution at an elevated 
temperature to produce the third incubation product. The relatively strong solution of TFA can 
be about 4 M TFA. The method can further include incubating the third incubation product with 
ammonium carbonate and acetic anhydrate to produce a fourth incubation product. For example, 
the ammonium carbonate can be about 25 mM. The method can further include incubating the 
fourth incubation product in 8-aminopyrene-l,3,6-trisulfonicacid (APTS) with citric acid, at 
about 0.9 M, and sodium cyanoborohydride, at about 1 M, in dimethyl sulfoxide (DMSO) at an 
elevated temperature to produce a fifth incubation product. It should be appreciated that the 
presence of DMSO suppresses the formation of by-product peaks (ghost peaks) which can 
interfere with a capillary electrophoresis with laser induced fluorescence detector analysis. 
Accordingly, the fifth incubation product can be utilized in capillary electrophoresis where, for - - • 
example, laser induced fluorescence detector is used to identify the monosaccharides. and then- 
relevant concentrations. 
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The reducing reagent for assaying monosaccharides may be utilized with capillary 
electrophoresis and laser induced fluorescence. In particular, the reducing reagent for assaying 
monosaccharides maybe utilized to determine the presence and, optionally, the relative 
concentration, of monosaccharides associated with a glycoprotein. The reducing reagent may 
include sodium cyanoborohydride prepared in dimethyl sulfoxide (DMSO). 

A method for assaying monosaccharides, for example, monosaccharides 
associated with a glycoprotein, in accordance with the present .disclosure comprises one or more 
features of the following flow chart, or combinations thereof: ' 
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Additional features of the present disclosure will become apparent to those skilled 
in the art upon consideration of the following detailed description of preferred embodiments 
exemplifying the best mode of carrying out the subject matter of the disclosure as presently 
perceived. 

BRIEF DESCRIPTION OF THE DRAWINGS 

Fig. 1 is a flow chart of an exemplary embodiment of a method for assaying 
monosaccharides, for example, monosaccharides associated with a glycoprotein in accordance . 
with the present disclosure; and 

Fig. 2 is an electropherogram of APTS labeled monosaccharides prepared using 
DMSO (Example 1) and THF (Example 2). Note that the by-product peak is assigned with an 
asterisk. Peaks: (1) N-acetyl galactosamine (GalNAc) > (2) N-acetylmannosamine (ManNAc), 
(3) N-acetylglucosamine, (4) mannose (Man), (5) glucose (Glc), (6) Fucose (Fuc), and (7) 
galactose (Gal) 

DETAILED DESCRIPTION OF THE DISCLOSURE 

While the disclosure is susceptible to various modifications and alternative forms, 
specific embodiments will herein be described in detail. It should be understood, however, that 
there is no intent to limit the disclosure to the particular forms described, but on the contrary, the 
intention is to cover all modifications, equivalents, and alternatives failing within the spirit and 
scope of the disclosure. 

An exemplary flow chart for practicing one method of the present disclosure and' 
for making the reagent is described in Figure 1 . 

Comparative examples are shown in Figure 2 where a line represents each of 
Examples 1 and 2, while the inset is an enlargement of the section of interest. Each line is 
marked for the corresponding Example at the left edge of the figure. 

Example 1 shows CE/LIF assay results for a one-pot glycoprotein sample 
processed according to the present disclosure wherein heating .was done in an oven. 
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Example 2 shows CE/LIF assay results for a one-pot glycoprotein sample process 
with tetrahydrofuran (THF) used as an organic solvent for the reducing agent instead of DMSO 
and wherein heating was done in an oven. 

The sample solution in each Example was identical and included each of the 7 
sugars that can be expected to be encountered in glycoproteins. 

(The peak at about 8.5 minutes in each example is the result of a lactose reference 

maker.) 

At about 9.7 minutes in Example 2 the problem by-product peak is seen. As 
illustrated in Figure 2, this by-product peak makes it difficult to identify the peak for the 
monosaccharide ManNAc, which, if present, may overlap the by-prqduct peak. Example 1 
shows the result of selecting DMSO as an organic solvent for the reducing agent rather than, for 
example, the THF. Accordingly: 
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induced ^rescence in-- 

5TSSiSSiSS 0 SSi^d with a glycoprotein, the 

'sample preparation comprising: . , ^ . 

-•. 

(a) the glycoprotein; 

( b) monosaccharides released from the glycoprotein 
with which at least one fluorophor has been 
associated; and 

(c) • a reducing agent in an organic solvent 

wherein the organic solvent is dimethyl sulfoxide (DMSO) . 

The fluoroohor is, preferably," 8-aminopyrene-l, 3, 6- 
trisulfonic acid (APTS) prepared in cxtnc acid ana tne 
reducing agent is, preferably, sodium cyanoborohydr2.de. 

2 in another aspect the ' invention is a method for . 
oreparing a glycoprotein for identification of the 
monosaccharides it carries and, optionally, for 
determining their relative concentrations, the method 
comprising: 

(a) Incubating the .glycoprotein with a ^latively 
weak solution of TFA (preferably about 0.1 M TFA) at 
an elevated temperature to produce a first 
incubation product; 

ib) Incubating the first incubation product with S. 
Coli N-acetylneuraroinic aldolase at room temperature 
in a phosphate buffer at an elevated pHJpref erably 



about pH 7.5) to provide a second incubation 
product? 

(O Incubating the second incubation product with a 
relatively strong concentration of TFA (preferably 
about 4M TFA) at an elevated temperature to produce 
a third incubation product ; 

(d) incubating the third incubation product in 
immonium carbonate (preferably at a concentration or 
, bout 25 mM) and acetic anhydrate at room 
Xmperltuxe to produce a fourth incubation product; 
and - - • - " — 



(e) Incubating the fourth Incubation product in 
APTS prepared in citric acid (preferably at a 
concentration of about 0 • 9 M) and in sodium 
cyanoborohydride (preferably at a concentration of 
about 1M) prepared in DMSO at elevated temperature 
to provide a fifth reaction product suitable for use 
in capillary electrophoresis wherein laser induced 
fluorescence detector is used to identify the 
monosaccharides and their relevant concentrations. 



3. In yet another aspect the invention is a 
reducing reagent for use in preparing mixtures of 
monosaccharides for analysis by capillary 
electrophoresis using laser induced fluorescence, 
the reagent comprising sodium cyanoborohydride 
prepared in DMSO. 
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While the disclosure has been illustrated and described in detail in the foregoing 
description, such an illustration and description is to be considered as exemplary and not 
restrictive in character, it being understood that only the illustrative embodiments have been 
described and that all changes and modifications that come within the spirit of the disclosure are 
desired to be protected. 
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CLAIMS 

1 . A composition for use in the analysis of monosaccharides, the composition - 

comprising: 

a monosaccharide derivatized with a fluorophor; and 

a reducing agent in an organic solvent, wherein the organic solvent includes 
dimethyl sulfoxide. 

2. A method for treating monosaccharides in a one-pot preparation, comprising: 
subjecting a monosaccharide to a reducing agent in a solvent that contains 

dimethyl sulfoxide. 



3. A method for treating monosaccharides, comprising: 

reducing a monosaccharide in dimethyl sulfoxide to cause-the suppression of by- 
product peaks detectable by a laser-induced fluorescence detector. 
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METHOD AND COMPOSITION FOR ASSAYING MONOSACCHARIDES 

ABSTRACT OF THE DISCLOSURE 



A method, composition, and reducing reagent for assaying monosaccharides, for 
example, monosaccharides associated with a glycoprotein, is described. 
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